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[57] ABSTRACT 
The present invention relates to a kinetic wheel ar 
rangement comprising a stator and a rotor and magnetic 
bearings for magnetically suspending the rotor with 
respect to the stator. According to the invention, for the 
magnetic bearing parts connected tothe stator, an>.e1as-, 
tic suspension system is provided which is rigid in a ?rst 
direction parallel to the axis of rotation Z-Z of the ro 
tor, rigid in a second direction V-V at right angles to the 
axis of rotation of the rotor and ?exible in a third direc 
tion U-U at right angles to the two directions Z-Z and 
V-V. The invention is more particularly applicable to 
the accumulation of energy. 

7 Claims, 7 Drawing Figures 
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KINETIC WHEEL ARRANGEMENT 
INCORPORATING MAGNETIC BEARINGS, 
PARTICULARLY FOR STORING ENERGY 

The present invention relates to a kinetic wheel ar 
rangement incorporating magnetic bearings, particu 
larly for storing energy. 

In French Pat. Nos. 74 00190, 74 40556, 77 07685 and 
81 15831; Applicants have described various kinetic 
wheel arrangements incorporating magnetic bearings. 
These prior art arrangements may be used for control 
ling the attitude of arti?cial satellites and/or for storing 
energy either on board such satellites or on the ground. 

It is an object of the present invention to provide such 
’ a kinetic wheel arrangement intended more particu 

larly, although not exclusively, to serve as energy accu 
mulator on the ground, i.e. comprising a rotor, compris 
ing a ?ywheeland suspended magnetically with respect 
to a stator, which accumulates energy in kinetic form 
when it is driven in rotation by an electric motor and 
which restores the kinetic energy thus stored in electric 
form via an electricity generator, said motor and gener 
ator possibly being constituted by the same reversible 
type machine. Operation of such an arrangement advan 
tageously implies that the rotor is in a vacuum, with the 
result that the stator and rotor are generally contained 
in an enclosure in vacuum. 
With the kinetic wheel arrangements of this type, it is 

obvious that the kinetic energy stored is greater as the 
mass and rotation of the ?ywheel of the rotor are 
greater. Thus, with a view to using the kinetic Wheel 
arrangements as energy accumulators, it is indispens 
able to give high values to the mass and speed of rota 
tion of the rotor thereof. Now, although, for arrange 
ments of relatively modest dimensions, the rotation of 
the rotor does not lead to any dif?culty in stability. 
Applicants have observed that, for large-sized arrange 
ments, phenomena of instability with radial divergance 
appeared, such phenomena being capable of preventing 
the arrangements from operating. 
To overcome the radial instability of the rotor of such 

arrangements, active correction means of the type such 
as described, for a different purpose, in French Pat. No. 
81 15831 mentioned above might be used. However, 
such correction means employ speed sensors and an 
electronic chain which increase the complexity, cost 
and mass of the kinetic wheel arrangement and reduce. 
the reliability thereof. 

It is therefore an object of the present invention to 
provide a kinetic wheel arrangement incorporating 
magnetic bearings, comprising passive means for auto 
matically correcting the phenomena of radial instability 
of the rotor. 
To this end, according to the invention, the kinetic 

wheel arrangement comprising a stator and a rotor, 
magnetic bearings formed by cooperating parts respec 
tively connected to the stator and to the rotor to mag 
netically suspend the rotor with respect to the stator, 
mechanical bearings to allow the stator to support the 
rotor when the latter is not magnetically suspended, an 
inertia ?ywheel constituting part of the rotor and means 
for monitoring along the axis of rotation de?ned by the 
stator, the position of the rotor with respect to the sta 
tor, said stator being connected to a support of high 
inertia, such as the ground, is noteworthy in that it 
comprises, for the parts of the magnetic bearings con 
nected to the stator, an elastic suspension system which 
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2 
is rigid in a ?rst direction parallel to the axis of rotation 
of the rotor, rigid in a second direction at right angles to 
the axis of rotation of the rotor and flexible in a third 
direction at right angles to the two preceding direc 
tions. 
Thanks to the invention, without disturbing the 

means for monitoring the axial position of the rotor 
since the suspension system is rigid parallel to this direc 
tion, a radial dissymmetry of rigidity in two orthogonal 
directions is thus introduced, leading to a displacement 
of the parts of the magnetic bearings connected to the 
stator with respect to the high~inertia support and en 
abling the vibrations appearing along the second and 
third directions to be decoupled. 

In an attempt to explain the action of the elastic sus 
pension system according to the invention, it should be 
recalled that the magnetic bearings are constituted by 
opposite magnetic rings, exerting on one another an 
action of self-alignment of their axes and communicat 
ing to the rotor its radial rigidity with respect to the 
stator. Thus, if the ring‘connected to the rotor is acci 
dentally offset with respect to the ring of the stator, the 
rotor undergoes a radial return force. The instability 
with radial divergence can therefore be understood 
only if phenomena generating a radial parasitic force 
added to the radial return force of the bearings and of 
comparable intensity are caused to intervene. 
As will be seen hereinafter, Applicants think that, 

further to magnetic losses, a disturbing force appears, 
applied to the axis of the rotor and at right angles to the 
line of shortest distance (offset) joining the axis of the 
stator to the offset axis of the rotor. Applicants there 
fore suppose that the rotor is subjected to a ?rst vibra 
tory mode of direction parallel to this disturbing force 
and to a second vibratory mode of direction parallel to 
the offset. These two vibratory modes each present 
their resonance peak at the same frequency and the 
divergent instability would result from the conjunction 
of the two resonances. 

Consequently, since according to the invention these 
two vibratory modes are uncoupled, the conjunction of 
the two resonances and therefore the appearance of the 
phenomenon of divergent instability may be avoided. 
Furthermore, since the stator can move more easily (in 
limited fashion) in said third direction, the rings of the 
stator may move slightly in this direction under the 
action of the radial return force, in the sense of self 
alignment of the axes of the rings of bearings, to limit 
and annul the offset of the rotor. ' 
The only purpose of the above explanations is to 

attempt to explain the manner in which the elastic sus 
pension system according to the invention acts and they 
in no way limit the invention. Whether these explana 
tions are correct or, on the contrary, inexact or incom 
plete, the conclusions to be drawn therefrom are in any 
case exact, since experience has shown that the suspen 
sion system according to the invention enables the phe 
nomenon of divergent instability to be eliminated. 
The positive results obtained by carrying out the 

present invention indicate that the divergent instability, 
appearing when the return force of the magnetic bear 
ings presents a symmetry of revolution about the axis of 
said bearings, is not produced when, due to the presence 
of the suspension system according to the invention, this 
return force is rendered variable about said axis to take 
different values along two orthogonal radial axes. 
Although said suspension system may be intercalated 

at any point of the mechanical chain linking the rings of 
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bearings of the stator to the high-inertia support, for 
reasons of simplicity, it is advantageous if the parts of 
magnetic bearings connected to the stator are fast there 
with, whilst the elastic suspension system is disposed 
between the high-inertia support and the stator. In this 
way, it is not only the parts of magnetic bearings con 
nected to the rotor which possess a degree of freedom 
parallel to said third direction, but the whole of the 
stator. It will be noted that this solution is particularly 
advantageous since it enables kinetic wheel arrange 
ments made earlier to be improved according to the 
invention, without internal modi?cations thereto. 
When the kinetic wheel arrangement comprises, in 

known manner, an envelope which contains the stator 
and the rotor and in which it is possible to create a 
vacuum, this arrangement preferably comprises a base 
plate bearing the stator (and therefore the rotor) and 
projecting out of the envelope. In this way, the suspen 
sion system may be disposed between the part of the 
plate projecting outside the envelope and said high 
inertia support. 
The suspension system may be constituted in any 

known manner in order to obtain the result and may be 
composed of known elastic elements of all types. How 
ever, for purposes of simplicity, said suspension system 
is preferably formed by a plurality of elastic blades 
disposed parallel to one another, so that the length, the 
width and the thickness of said elastic blades are respec 
tively parallel to the ?rst, second and third directions. 
The elastic blades of the suspension system may be in 

compression and/or in traction, but are advantageously 
in traction. Thus, in a preferred embodiment, the sus 
pension system comprises a plurality of bases distrib 
uted on the periphery of the part of the plate projecting 
outside the envelope and provided in their upper part 
with means for guiding the edge of said plate, the con 
nection between the plate and each base being made by 
an elastic blade fast in its upper part with said base and 
in its lower part with an extension fast with said plate. 

It may be advantageous to provide a certain damping 
of the movement of the bearing parts connected to the 
stator. Such a damping may be procured by an elastic 
blade exerting a determined pressure of friction on a 
mobile part4 of the mechanical chain connecting the 
rings of the stator to the high-inertia support, for exam 
ple the support plate mentioned above. 
The invention will be more readily understood on 

reading the following description with reference to the 
accompanying drawings, in which: 
FIG. 1 is a view in axial section of an embodiment of 

the kinetic wheel incorporating magnetic bearings ac 
cording to the invention. 
FIG. 2 is a diagram illustrating the phenomenon of 

instability affecting the axis of the rotor of the kinetic 
wheel of FIG. 1, under certain conditions of mass and 
speed of rotation of said rotor. 

FIG. 3 is a section along line III-III of FIG. 1. 
FIG. 4 gives the equivalent radial diagram of the 

kinetic wheel of FIG. 1. 
FIG. 5 gives the radial transfer function of the model 

of FIG. 4. 
FIG. 6 is a view in perspective of a variant embodi 

ment of the kinetic wheel according to the invention. 
FIG. 7 shows, to a larger scale, a detail of the suspen 

sion of the kinetic wheel of FIG. 4. 
In these Figures, identical references denote like ele 

ments. 
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4 
Referring now to the drawings, the embodiment of 

the kinetic wheel arrangement incorporating magnetic 
bearings, according to the invention and shown in FIG. 
1, comprises a horizontal base plate 1 with which all the 
?xed elements of the stator ST of said wheel are directly 
or indirectly fast, and with respect to which the rotor 
R0 of said wheel rotates. 

In the embodiment shown, the axis of rotation Z—Z 
of the rotor RO is vertical. Said rotor and stator are 
enclosed in a tight envelope 2 in which a vacuum suffi 
cient for correct operation of the kinetic wheel may be 
created, the envelope 2 being supported by the base 
plate 1. Furthermore, a cylindrical screen 3, laterally 
enveloping the envelope 2 and adapted to protect the 
environment against possible explosion of the rotor is 
provided outside the envelope 2. 
The structure of the kinetic wheel of FIG. 1, which is 

for a large part known, will not be described in detail, 
but only insofar as this structure is necessary for under 
standing the present invention. 
The rotor R0 of the kinetic wheel comprises an iner 

tia ?ywheel 4, substantially in disc form, fast with a 
lower shaft 5 and an upper shaft 6, which are coaxial 
(axis Z—Z) and at right angles to the plane of said 
flywheel. At the free ends of shafts 5 and 6 are provided 
stop systems 7 and 8 incorporating mechanical roller 
bearings, adapted to cooperate with corresponding 
?xed parts 9 and 10 of the stator, to support the rotor in 
stop position and to serve as axial and radial deviation 
limiter. In this manner the mechanical bearings allow 
the stator to support the rotor in a direction parallel to 
a plane of the rotor and at least one mechanical bearing 
or stop system supports the rotor in a direction perpen 
dicular to the plane of the rotor when the rotor is not 
suspended magnetically. . 

Shafts 5 and 6 are each fast with a magnetic bearing 
ring 11 or 12, which cooperate respectively with rings 
13 and 14 of the stator, to form magnetic bearings 11-13 
and 12-14. 
The kinetic wheel further comprises an actuator for 

adjusting the axial position of the rotor with respect to 
the stator. This actuator comprises an annular part 15 
fast in rotation with the shaft 5 (or 6) and two ?xed 
annular parts 16 and 17, disposed on either side of the 
annular part 15. 

In addition, the kinetic wheel of FIG. 1 comprises a 
drive assembly 18 for driving the rotor in rotation and a 
generator assembly 19 for the accumlation and restoring 
in electric form the kinetic energy of rotation stored by 
said rotor. Of course, the drive assembly 18 and the 
generator assembly 19 may possibly be constituted by a 
single reversible electric machine. 

Experience has shown that, for relatively light rotors, 
for example of which the mass of the ?ywheel 4 is less 
than a few kilograms, no phenomenon of instability 
capable of influencing the axis of said rotor appears, this 
virtually whatever the speed of the rotor within its 
speed range (for example from O to 15,000 rpm). In this 
case, during rotation of the rotor, the axis z——z thereof 
is constantly merged with axis Z—Z of rotation de?ned 
by the bearings of the stator. 
On the other hand, when the speed of rotation of the 

rotor RO becomes high (for example 520,000 rpm) 
and/or when the mass of the flywheel 4 becomes equal 
to a few tens or hundreds of kilograms, particularly 
with a view to using the kinetic wheel as kinetic energy 
accumulator, the appearance of such a phenomenon of 
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instability affecting the axis of said rotor RO is ob 
served. 

This unstable behaviour appears only beyond a lim 
ited speed of rotation which, however, is generally 
much less than the maximum speed provided for the 
rotor. 

For example, instability appears at 1500 rpm for a 
rotor of which the maximum speed is 12,000 rpm and of 
which the mass of the ?ywheel 4 is 200 kg. 
The phenomenon of instability is characterized in 

that the axis of rotation z—z of the rotor, whilst remain 
ing parallel to the magnetic axis Z—Z de?ned by the 
bearings of the stator, moves away from this axis Z—Z 
describing a divergent spiral, up to contact of the stop 
systems 7 and 8 of the rotor with the corresponding 
?xed parts 9 and 10 of the stator. 

It has been observed that: 
the frequency at which axis z-z describes the spiral 

is close or equal to the frequency at which the rotor 
oscillates when it is moved away radially from its posi 
tion of equilibrium; ' x 

the radial divergence of the rotor is all the more rapid 
as the speed of rotation thereof is high; 

the divergent spiral movement of axis z—z of the 
rotor is established in the same direction as the rotation 
of said rotor. 

Applicants believe that the explanation of this phe 
nomenon of instability may be found, without this limit 
ing the invention, in the action of magnetic losses (or 
even aerodynamic losses if the vacuum inside the enve 
lope 2 is not suf?ciently good) generated by the relative 
movement of magnetized pieces and electrically con 
ductive pieces. In particular, whatever care is taken in 
the manufacture and relative positioning of the mag 
netic rings 11-13, 12-14 and 15-16-17, certain defects in 
radial magnetic homogeneity cannot be prevented, 
which bring about electromagnetic losses, themselves 
giving rise to disturbing forces which provoke the spiral 
divergence of the rotor. According to this hypothesis, 
the rotor would thus diverge under the action of a force 
of electromagnetic origin developing in particular in the 
magnetic bearings 11-13 and 12-14 and in the actuator 
15-16-17. 
As far as it can be assumed and observed, the charac 

teristics of this disturbing force would be: 
its amplitude Fp is proportional to the speed of rota 

tion (I of the rotor and to the offset e of the rotor, 
i.e. to the distance separating the axis z—z from 
axis Z—Z; Fp=>tl§Le may thus be written. 

The factor of proportionality )t is variable from one 
kinetic wheel model to the other and depends on the 
mechanical clearances, on the verticality of axis Z—Z, 
but is a characteristic of the corresponding kinetic 
wheel. 

its direction is orthogonal to that of the offset of the 
rotor with respect to the stator; 

its direction is determined by the direction of rotation 
of the rotor. 
FIG. 2 shows a system of rectangular axes ox, oy, of 

which the origin 0 is located on axis Z—Z, the plane 
xoy being orthogonal to axis Z—Z. At a given instant, 
axis z—z of the rotor is offset from axis Z—Z by the 
quantity e and is located at R in the portion of spiral S, 
which it covers at velocity v. This a_x_i_s z—z is subjected 
to the action of the disti_1_rbing force Fp which is opposed 
by the damping force F, of the rotation of the rotor. 
The force-His, as mentioned above, orthtlggnal to OR 
and in the same direction as 0.. The force F0 is colinear 
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6 
to the velocity vector-v’, but of opposite direction. 
Moreover, axis x—x is subjected to the action of the 
return force F, exerted by the magnetic bearings 11-13 
and 12-14 and of which the amplitude is proportional to 
the offset e. ' _ 

__B.y_£:alling 6 the angle betw_ee_n the vectors Ox and 
OR, i, the _(llI‘€CtOI' vector of OR and the director 
vector of F,,, the following may be written: 

‘F7: -f\7, f being constant and corresponding to the 
coiicient of. friction applied to the rotor, 
F,=-ke i, k being constant and indicative of the 

radial rigidity of the magnetic bearings. 
From this system of forces, the equations of the 

movement of the rotor may be written, employing the 
mass m of the rotor, said equations being: 

i.e. 

mii: —ke cos 0-)»!26: sin 0-fx 

Taking into account the fact that x=e cos 0 and y=e 
sin 6, the following system is obtained: 

The resolution of this system of differential equations, 
with application of the ROUTH criterion, shows that 
the rotation of the rotor is stable if: 

(1) 
7&0 

Inequality (1) shows that, for a given kinetic wheel 
(i.e. for a determined value of A), the stability of rotation 
of the rotor at a given speed 0 can be ensured only by 
increasing the parameter f and/or the parameter (or. 

Increasing the parameter f consists in equipping the 
kinetic wheel with an active or passive radial damper. 
Such a damper must generally multiply the natural 
damping by at least 10 to obtain stability. This results in 
that, in its passive form, i.e. constituted by permanent 
magnets, such a damper requires many magnets and is 
therefore voluminous. Experimental trials have shown 
an improvement consecutive to the implantation of such 
a passive damper; however, this improvement is ob 
tained to the detriment of the mass of the whole and, 
moreover, due to the manufacturing dispersions, the 
passive damper must be adjusted for each of the kinetic 
wheels. 

In the case of an active damper, at least one radial 
actuator 20 is provided (cf. FIG. 1), associated with a 
sensor 21 and generating a damping force as a function 
of the measurement of the radial velocity of the rotor 
given by the sensor 21. Such an active damper, de 
scribed in French Pat. No. 81 15831 mentioned above, is 
entirely satisfactory. However, it presents the drawback 
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of requiring at least one servo control system increasing 
the cost of the kinetic wheel. Moreover, in the event of 
breakdown of said servo system, the spiral divergence 
of the rotor is no longer controlled. 

It will be noted that the criterion <07‘ corresponds to 
the pulsation of radial translation. If it is envisaged (as 
indicated above) to increase this pulsation by a factor of 
10, the ratio k/m, i.e. the radial rigidity k, must be multi 
plied by 100, which is unacceptable. Furthermore, the 
increase in the rigidity of the bearings, i.e. in their effi 
ciency, would be translated by an increase in the ten 
dency of the rotating rotor to diverge, since the losses 
by eddy currents would increase in the magnetic bear 
mgs. 

Consequently, the main object of the invention is to 
solve the problem of the spiral divergence of the rotor 
by a channel other than the two possibilities described 
above. 
To this end, according to the invention, an elastic 

suspension system of anisotropic characteristic and at 
appropriate natural frequency, is provided between the 
stator (or a part of the stator) of the kinetic wheel and a 
?xed high-inertia support. 

In other words, the stator is no longer directly con 
nected to a ?xed point, for example the ground. 

In the embodiment of the invention, shown in FIG. 1, 
this elastic system bears reference numeral 22 and is 
constituted by elastic blades 23 supporting the kinetic 
wheel and fast by one of their ends with plate 1 and by 
their other end with a base support 24 fast with high 
inertia support or the ground 25. 
As shown in FIG. 3, the elastic system 22 comprises 

four elastic blades 23 parallel to one another and to axis 
Z-Z, so that the small sides of said blades are all paral 
lel to a direction U—U and the large sides thereof are all 
parallel to a direction V—V at right angles thereto. 
Thus, in direction U—U, the elastic system 22 is 

much less rigid than in directions V—V and Z——Z. 
Elastic system 22 therefore presents an anisotropy of 
radial rigidity about axis Z——Z. 
FIG. 4 shows the physical diagram equivalent to the 

kinetic wheel arrangement of FIG. 1. The rc_>t_o_r R0 of 
mass m1, subjected to the disturbing force F,,, is con 
nected to the stator of mass m; by a system of rigidity 
k; and of damping coef?cient f1 (k1 and f1 being due to 
the magnetic bearings 11-13 and 12-14), whilst the 
stator is connected to the ground 25 by the elastic sys 
tem 22, of rigidity k; and of damping coef?cient f2. 
The gist of the present invention consists in no longer 

considering the supports of the bearings of the stator as 
being ?xed with respect to the ground. On the contrary, 
these bearing supports possess a certain rigidity and 
damping with respect to a rigid assembly (the ground). 
The equation of the model according to FIG. 4 is 

easily found and the transfer function may be deter 
mined therefrom without dif?culty. It will be noted 
that, for a special kinetic wheel arrangement, the pa 
rameters m1, m2, f 1 and k1 are determined, whilst param 
eters f2 and k2 must be optimalized in order to obtain the 
best possible action of the elastic elastic system 22. 
FIG. 5 shows, in a frequency-amplitude diagram (in 

Hz and dB respectively), the transfer function of a ki 
netic wheel arrangement according to the invention for 
which the following was had: 
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8 
-continued 

k] = 255.10-3 N/m fl = so N/m/s 

This transfer function was plotted for two values of 
k2 (m=2OO.l0*3 N/m and n=258.l0-3 N/m) and for 
three values of f2 (a=50 N/m/s, b=200 N/m/s and 
c=500 N/m/s). The parameter kg was chosen so that 
the natural vibratory mode of the stator is close to the 
vibratory mode of translation of the rotor. 
FIG. 5 shows that, for all these values, the transfer 

function presents two pulsations of resonance A and B 
decoupled from the actual pulsation of the rotor C at 
which an anti-resonance is obtained. 

In the variant embodiment shown in FIGS. 6 and 7, ' 
an elastic system 22 is provided, incorporating elastic 
blades 26 which, instead of being in a ?rst condition of 
compression like the blades 23 of FIG. 1, are in a second 
condition of traction. 
To this end, the kinetic wheel is fast by its lower part 

with a plurality of blades 26, all parallel to one another. 
For this purpose, the blades 26 arev fast at 27 in their 
lower part, with squares 28 fast with the plate 1 and 
extending the latter downwardly. In their upper part, 
the blades 26 are fast at 29 with bases 30, anchored 
rigidly to the ground 25 and distributed on the periph 
ery of plate 1. 
The edges of the plate 1 are engaged in notches 31 

provided in the bases 30, guiding said edges whilst al 
lowing the plate 1 a certain clearance in direction 

To communicate a certain damping to the movement 
of plate 1, i.e. of the whole of the stator with respect to 
the bases 30, a friction device 32 may possibly be pro 
vided. This device may take the form of a prestressed 
elastic blade (or one with adjustable pressure) abutting 
on the bases 30 and in abutment against plate 1. 
Although FIGS. 1 and 6 respectively illustrate em 

bodiments of the invention in which the elastic blades 
are in compression and in traction, it goes without say 
ing that an arrangement according to the invention 
might selectivity comprise elastic blades in a third con 
dition of compression and elastic blades in traction. 
What is claimed is: 
1. Kinetic wheel arrangement comprising: 
a stator, 
a rotor rotating about an axis of rotation Z-Z, de 
?ned by said stator, 

magnetic bearings formed by cooperating parts re 
spectively connected to the stator and to the rotor 
in order magnetically to suspend the rotor with 
respect to the stator, ' 

a suspension, system connecting said stator to a high 
inertia suport, and wherein said suspension system 
includes a plurality of elastic blades disposed paral 
lel to one another so that the length, the width, and 
the thickness of said elastic blades are respectively 
parallel to a first direction parallel to the axis of 
rotation Z-Z of the rotor, a second direction 
V—V the elastic suspension system is disposed 
between the high-inertia support and the stator, an 
envelope which encloses the stator and the rotor 
and base plate which projects outside of said enve 
lope and said suspension system is disposed be 
tween a part of the base plate projecting outside of 
the envelope and said high-inertia support at right 
angles to the axis or rotation Z——Z of the rotor, and 
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a third direction U—U at right angles to the two 
preceding directions Z—Z and V—V. 

2. The kinetic wheel arrangement of claim 1, for the 
accumulation and restoring of kinetic energy stored in 
said rotor having a drive assembly and a generator 
assembly for driving the rotor, wherein the high-inertia 
support is the ground, the ?rst direction Z—Z is verti 
cal and the second and third directions form a horizon 
tal plane. 

3. The kinetic wheel arrangement of claim 1, wherein 
the elastic blades are selectively in a ?rst condition of 
compression, in a second condition of the traction, and 
third condition of both compression and traction. 

4. The kinetic wheel arrangement of claim 1, wherein 
said elastic blades are fast with at least certain of said 
bases. 

5. The kinetic wheel arrangement of claim 1, wherein 
at least one of said elastic blades is a means for damping 
the movement of said stator in a direction of U—U. 

6. The kinetic wheel arrangement of claim 5, wherein 
said means for damping is by friction of at least one of 
said elastic blades on said base plate. 

7. Kinetic wheel arrangement, comprising a stator 
and a rotor, magnetic bearings formed by cooperating 
parts respectively connected to the stator and to the 
rotor in order magnetically to suspend the rotor with 
respect to the stator, mechanical bearings to allow the 
stator to support the rotor in a direction parallel to a 
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10 
plane of the rotor and at least one stop system to sup 
port the rotor in a direction perpendicular to the plane 
of the rotor when the rotor is not suspended, magneti 
cally, an inertia ?ywheel constituting a part of the rotor, 
and means for monitoring along the axis of rotation 
Z—Z de?ned by the stator, the axial position of the 
rotor with respect to the stator, said stator being con 
nected to a high-inertia support, wherein said kinetic 
wheel arrangement comprises, for the magnetic bearing 
parts connected to the stator, an elastic suspension sys 
tem which is rigid in a ?rst direction parallel to the axis 
of rotation Z—Z of the rotor, rigid in a second direction 
V—V at right angles to the axis of rotation of the rotor 
and ?exible in a third direction U—U at right angles to 
the two preceding directions Z—Z and V—V and 
wherein the suspension system comprises a plurality of 
elastic blades disposed parallel to one another so that 
the length, width and thickness of said elastic blades are 
respectively parallel to the ?rst (Z—Z), second (V—V) 
and third (U—U) directions the elastic blades are selec 
tively in a ?rst condition of compression, in a second 
condition of traction, and a third condition of both 
compression and traction and the suspression system 
includes a plurality of bases distrinbuted on the periph 
ery of part of a base plate projecting outside an enve 
lope which encloses the stator and the rotor. 
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